Background Several lipid guidelines recommend that proprotein convertase subtilisin/kexin type 9 inhibitors should be considered for patients with atherosclerotic cardiovascular disease who are inadequately treated with maximally tolerated lipid-lowering treatment. Objectives The PEARL study assessed the efficacy and safety of the proprotein convertase subtilisin/kexin type 9 inhibitor alirocumab in patients with hypercholesterolemia in a real-world setting. Methods PEARL was an open, prospective, multicenter, non-interventional study conducted in Germany. Patients (n = 619) for whom treating physicians decided to use alirocumab 75 or 150 mg every 2 weeks according to German guidelines (lowdensity lipoprotein cholesterol > 1.8/2.6 mmol/L [> 70/100 mg/dL], depending on cardiovascular risk, despite maximally tolerated statin therapy with/without other non-alirocumab lipid-lowering therapy) were enrolled and followed for 24 weeks. Physicians could adjust the alirocumab dose based on their clinical judgment. The primary efficacy endpoint was low-density lipoprotein cholesterol reduction from baseline (prior to alirocumab therapy) to week 24. Results Overall, 72.8% of patients reported complete or partial statin intolerance. Mean low-density lipoprotein cholesterol was 4.7 mmol/L (180.5 mg/dL) and 2.3 mmol/L (89.8 mg/dL) at baseline and week 24, respectively. Least-squares mean percentage change from baseline to week 24 in low-density lipoprotein cholesterol was − 48.6%. Initial alirocumab dose was 75 mg in 72.9% of patients and 150 mg in 24.5% of patients; 19.6% of patients received an alirocumab dose increase (75 to 150 mg) and 1.6% of patients received a dose decrease. Adverse events were reported in 10.3% of patients, with myalgia being the most common. Conclusions In a real-world setting in Germany, alirocumab was used in patients who had high baseline low-density lipoprotein cholesterol levels with/without statin intolerance. Efficacy and safety were consistent with findings observed in the ODYSSEY Phase III program. 
The 24-week PEARL study assessed the lipid-lowering efficacy and safety of alirocumab, a proprotein convertase subtilisin/kexin type 9 inhibitor, in patients at cardiovascular risk despite their previous lipid-lowering therapies in a real-world setting in Germany
In total, 72.8% of patients reported complete or partial statin intolerance and mean low-density lipoprotein cholesterol was 4.7 mmol/L (180.5 mg/dL) at baseline; enrolled patients received alirocumab dosing of 75 mg or 150 mg every 2 weeks based on physicians' clinical judgment
In alirocumab-treated patients, low-density lipoprotein cholesterol was reduced from baseline by 48.6% at week 24, including 43.6% of patients remaining on alirocumab 75 mg every 2 weeks throughout; alirocumab was generally well tolerated
Introduction
Patients with elevated low-density lipoprotein cholesterol (LDL-C) levels have an increased risk of atherosclerotic cardiovascular disease events [1] . The European Society of Cardiology/European Atherosclerosis Society Task Force and other consensus statements and lipid guidelines indicate that a proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor should be considered for reducing LDL-C in patients with atherosclerotic cardiovascular disease and/or diabetes mellitus (DM) who are not adequately treated with maximally tolerated statins and/or ezetimibe [2] [3] [4] [5] [6] .
Alirocumab, a fully human monoclonal antibody to PCSK9, is approved in the European Union and USA as an adjunct to diet on maximally tolerated statin therapy [7, 8] . Alirocumab significantly reduced LDL-C levels vs. control (ezetimibe or placebo) in ODYSSEY Phase III studies including patients with and without heterozygous familial hypercholesterolemia (HeFH), either as monotherapy or in addition to statin ± other lipid-lowering therapies (LLTs) [9] [10] [11] [12] [13] [14] . Recently, the results of the ODYSSEY OUTCOMES study (NCT01663402) in 18,924 patients with post-acute coronary syndrome (ACS) randomized 1-12 months after ACS showed that alirocumab therapy translates into a significant cardiovascular risk reduction. Alirocumab reduced major adverse cardiac events (defined as coronary heart disease [CHD] death, non-fatal myocardial infarction, fatal and non-fatal ischemic stroke, or unstable angina requiring hospitalization) by 15% (absolute risk reduction: 1.6%) and was associated with a reduction in all-cause death by 15% (absolute risk reduction: 0.6%) compared with placebo [15] . In patients with atherosclerotic cardiovascular disease and LDL-C levels ≥ 1.8 mmol/L (≥ 70 mg/dL), adding the PCSK9 inhibitor evolocumab to statin therapy significantly reduced the risk of cardiovascular events, with a 15% reduction in the risk of cardiovascular death, myocardial infarction, stroke, hospitalization for unstable angina, or coronary revascularization [16] .
In Germany, alirocumab has been reimbursed in patients with HeFH, non-familial hypercholesterolemia (FH), or mixed dyslipidemia with confirmed vascular disease (CHD, cerebrovascular manifestation, or peripheral arterial disease) and other risk factors (e.g., DM) since May 2016 as an adjunct to diet, either in combination with statins and/or other LLTs, who demonstrate persistently high LDL-C levels despite receiving documented maximum dietary therapy and LLTs for 12 months, and who would therefore be indicated for lipid apheresis therapy [17] . In Germany, alirocumab therapy can only be initiated and monitored by specialists (e.g., cardiologists, nephrologists, diabetologists, and endocrinologists) [17] .
In a real-life setting, data on efficacy and safety of alirocumab are limited [18] [19] [20] . In an overall cohort comprising 238 patients who received either evolocumab or alirocumab at an outpatient clinic in the Netherlands, the mean LDL-C reduction was 58.3% [18] . In a real-world setting in Germany (527 enrolled patients), alirocumab 150 mg every 2 weeks (Q2W), alirocumab 75 mg Q2W (with possible dose adjustment to 150 mg Q2W), and evolocumab 140 mg Q2W resulted in LDL-C ≤ 1.8 mmol/L (≤ 70 mg/dL) after 4 weeks of treatment, by reducing LDL-C levels by 2.4 mmol/L (94.0 mg/dL), 1.7 mmol/L (64.2 mg/dL), and 2.4 mmol/L (91.8 mg/dL), respectively [19] . In patients (n = 72) who were either taking alirocumab (57%) or evolocumab (43%) in a university-based outpatient clinic, LDL-C levels were reduced by 55% after 4 weeks of treatment [20] . The PEARL (Prospektive Nicht-Interventionelle Studie zur Erfassung der WirksAmkeit und VeRträgLichkeit des PCSK9-Inhibitors PRALUENT) study assessed the efficacy and safety of alirocumab in patients with hypercholesterolemia in a real-world setting in Germany for 24 weeks.
Methods
PEARL was an open-label, prospective, multicenter, noninterventional study conducted according to the German Drug Law ( §4 part 23) at 345 centers in Germany (Nichtinterventionelle Studie number: 320) [21] . The decision to prescribe alirocumab had to be independent from study participation and all treatment decisions remained at the discretion of the treating physician. The participating practices were distributed evenly across Germany to allow for a broad geographical representation. The study was performed in accordance with the ethical principles that have their origin in the Declaration of Helsinki, and all applicable amendments laid down by the World Medical Assemblies and the International Conference Harmonization guidelines for Good Clinical Practice. The study protocol was approved by the local institutional review board and independent ethics committee at each site. All patients provided written informed consent prior to documentation.
Patients and Study Design
Patients who were eligible for the study had elevated LDL-C ≥ 1.8 mol/L (≥ 70 mg/dL; for patients with established cardiovascular disease) or ≥ 2.6 mmol/L (≥ 100 mg/dL; for patients without established cardiovascular disease) despite maximally tolerated non-alirocumab LLT, and their treating physicians decided to use alirocumab according to the summary of product characteristics [8] . Participating patients received alirocumab 75 or 150 mg Q2W and were followed for approximately 24 weeks. Study data were derived from paper-based case report forms. Physicians could adjust the alirocumab dose (75 or 150 mg Q2W) and non-alirocumab LLT based on their own clinical judgment throughout the study.
For this study, statin intolerance was categorized as total or partial statin intolerance. Briefly, total statin intolerance was defined as an inability reported in the past medical history to tolerate two or more statins (one statin at the lowest daily starting dose [i.e., rosuvastatin 5 mg, atorvastatin 10 mg, simvastatin 10 mg, lovastatin 20 mg, pravastatin 40 mg, fluvastatin 40 mg, or pitavastatin 2 mg], and another statin at any dose) owing to unexplained skeletal musclerelated symptoms, other than as a result of strain or trauma, that began or increased during statin treatment and resolved with statin discontinuation. Partial statin intolerance was defined as an inability reported in the past medical history to tolerate a sufficient statin dose to reach an individual treatment target, resulting in patients receiving a reduced statin dosage.
For the LLT status before the start of alirocumab therapy, the patient questionnaire was unclear for some physicians, resulting in the reporting of any LLTs taken by the patient in the past and not only the current treatment given at the start of this study. As this resulted in inconsistencies specifically and exclusively in the respective data, LLT status is not reported in this study.
Further details on the definition on FH are presented in the Electronic Supplementary Material (ESM). The study inclusion and exclusion criteria are presented in Table 1 of the ESM.
Endpoints and Laboratory Assessments
The primary efficacy endpoint was the percentage reduction in LDL-C from baseline (prior to start of alirocumab therapy) to week 24, analyzed with the use of the intention-to-treat (ITT) approach, which included all patients who received at least one dose of alirocumab within this study and who had at least one post-baseline value. Secondary efficacy endpoints included absolute change in LDL-C from baseline to week 24; percentage change from baseline to week 24 in total cholesterol, high-density lipoprotein cholesterol (HDL-C), apolipoprotein B, and triglycerides (TGs; ITT analysis); and the proportion of patients achieving LDL-C < 1.8 mmol/L (< 70 mg/dL) or < 2.6 mmol/L (< 100 mg/dL), depending on cardiovascular risk. Physicians provided lipid levels by completing the patient questionnaire; no information on the type of lipid measurement was collected. An additional analysis of glycated hemoglobin (HbA 1c ; absolute change) was performed for patients with DM.
Patient data were recorded at the start of study drug therapy (baseline [visit 1]; week 0) and after approximately 12 weeks (week 12; visit 4) and 24 weeks of treatment (week 24; visit 5). Optional documentation of data was possible at weeks 2 (visit 2) and 4 (visit 3) if a routine visit was scheduled independently of study participation.
The relative change in LDL-C at week 24 in comparison to baseline was calculated as follows: 100 × (week 24 LDL-C − baseline LDL-C)/baseline LDL-C. The non-HDL-C percentage change from baseline to week 24 was calculated post-hoc as follows: total cholesterol − HDL-C. Physicians provided HbA 1c levels as percentage values. ACS acute coronary syndrome, CHF congestive heart failure, CHD coronary heart disease, DM diabetes mellitus, FH familial hypercholesterolemia, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, PAD peripheral arterial disease, SD standard deviation, TG triglyceride a Statin intolerance was defined as an inability to tolerate two or more statins (one statin at the lowest daily starting dose [i.e., rosuvastatin 5 mg, atorvastatin 10 mg, simvastatin 10 mg, lovastatin 20 mg, pravastatin 40 mg, fluvastatin 40 mg, or pitavastatin 2 mg], and another statin at any dose) owing to unexplained skeletal muscle-related symptoms, other than as a result of strain or trauma, that began or increased during statin treatment and resolved with statin discontinuation b Partial statin intolerance was defined as an inability to tolerate sufficient statin dose to reach treatment target Safety was assessed by monitoring adverse events (AEs), serious AEs, and fatal events. Adverse events were defined as AEs reported from the time the physician obtained the patient's informed consent until the end of the study period plus 7 days. Adverse events were reported within 24 hours (or on the next working day) via fax or e-mail to the designated clinical research organization. Furthermore, details on AEs were entered in the case report form. Adverse events of special interest included pregnancy of a participating female patient or the partner of a participating male patient, symptomatic overdose, and an increase in alanine aminotransferase; these had to be reported instantaneously (i.e., within 24 hours). The safety analysis set included all patients who received one or more doses of alirocumab within this study.
Statistical Analysis
Quantitative data of continuous variables (e.g., age) were summarized by mean (± standard deviation). The interquartile range (Q1: 25th percentile; Q3: 75th percentile) was used when presenting results for skewed distributions. Qualitative data of categorical variables (e.g., sex) were presented by means of (absolute and relative) frequency distributions. In cases of missing data, two methods were followed for calculation of percentages: the first method considered missing data as a separate group; the second method was based on the valid data per parameter. Two-sided 95% confidence intervals for the mean were based on a normal approximation for quantitative variables, and on exact methods for binomial proportions (Clopper-Pearson type intervals) for dichotomous variables.
A pre-specified modified ITT analysis was also performed for the percentage change in LDL-C from baseline to week 24 and key secondary endpoints, including all patients included in the ITT analysis who had an LDL-C value at baseline and at week 24. Consistency of treatment effect across subgroups was assessed by providing interaction p values. All statistical analyses were carried out using SAS ® (Version 9.4).
Results
The PEARL study cohort consisted of 619 patients (Fig. 1 of the ESM). All patients received at least one dose of alirocumab within this study (safety population). The ITT population included 612 patients overall. The modified ITT population comprised 491 patients for whom the primary endpoint could be evaluated.
At baseline (prior to the first alirocumab dose), 50.8% of patients had FH and 27.6% had DM (Table 1) . Most patients (90.2%) had a history of cardiovascular disease, including 72.4% with a history of CHD and 33.0% who were post-ACS. In patients with CHD, peripheral arterial disease was the most common comorbidity (Fig. 1) . Before the start of alirocumab therapy, total statin intolerance was reported by 45.3% of patients and partial statin intolerance by 27.6%. The number of statins according to statin intolerance status prior to the study start is presented in Table 2 of the ESM. Baseline mean LDL-C level was 4.7 mmol/L (180.5 mg/dL), despite ongoing non-alirocumab LLT (Table 1) .
Efficacy Analysis
The initial alirocumab dose was 75 mg Q2W in 72.9% of patients and 150 mg Q2W in 24.5% (unknown dosing regimen: 2.6%; Table 3 of the ESM). During the study, 19.6% of patients received an alirocumab dose increase from 75 mg to 150 mg Q2W, and in 1.6% of patients the dose was decreased from 150 mg to 75 mg Q2W (discontinuation of treatment: 12.3%; missing: 2.8%). In addition, 43.6% of patients continued taking alirocumab 75 mg Q2W and 20.1% continued taking alirocumab 150 mg Q2W throughout the study. A detailed overview of the alirocumab starting dose (week 0) and treatment status at weeks 12 and 24 is presented in Table 4 of the ESM.
The mean percentage change from baseline to week 24 in LDL-C was − 48.6% (p < 0.0001 vs. baseline). These LDL-C reductions allowed 48.5% (n = 297) of patients to achieve LDL-C levels of ≤ 1.8 or ≤ 2.6 mmol/L (≤ 70 or ≤ 100 mg/dL; depending on cardiovascular risk) and 55.6% to achieve their individual LDL-C target levels (defined by their treating physician) at week 24. Alirocumab maintained consistent LDL-C reductions throughout the study, with reductions being observed from week 2 and remaining largely constant from weeks 4 to 24 (Fig. 2) . At week 24, mean (standard deviation) LDL-C was 2.3 (1.2) mmol/L (89.8 [46.0] mg/dL; Table 2 ). The mean absolute and percentage changes from Table 2 . Significant reductions in non-HDL-C, total cholesterol, and TGs, and an increase in HDL-C, were observed from baseline to week 24 (all p < 0.0001). The efficacy of alirocumab was consistent in patient subgroups according to FH, DM, CHD, ACS, baseline LDL-C, and statin intolerance, with least-squares mean percentage reductions being at least 38.1% from baseline to week 24 in each subgroup (Table 3) . Similar results were observed in the modified ITT patient population (Table 5 of the ESM).
Safety Analysis
Adverse events were reported in 10.3% of patients and the most common AEs were myalgia (7.3% of total AEs [11/151] Table 4 ). No AEs of special interest were reported. A total of 37 patients (6.0%) prematurely discontinued the treatment following at least one AE. The most often reported AEs that led to treatment discontinuation according to reported AEs (n = 79) were LDL-C increased (nine events, 11.4% of total AEs events [9/79] that resulted in treatment discontinuation), myalgia (six events, 7.6% [6/79]), and dyspnea (five events, 6.3% [5/79] ). One death was reported. The death of the patient was reported as not related to alirocumab treatment by the physician, and the patient's malignant disease was specified as the cause of death.
In the overall PEARL study population, mean (standard deviation) HbA 1c levels were similar at baseline (6.5% [1.2] ) and at week 24 (6.1% [1.0] ). In patients with DM, HbA 1c levels were 6.9% (1.2) at baseline and 6.7% (1.0) at week 24.
Discussion
In a real-world setting, the PEARL study data showed that alirocumab was mostly used in patients with high cardiovascular risk who had reported previous or current statin intolerance, defined as reported intolerance to two or more statins. In total, 72.4% of patients had a history of CHD, and 45.3% and 27.6% reported total and partial statin intolerance, respectively. In PEARL, 50.8% of enrolled patients experienced FH.
At week 24, alirocumab reduced LDL-C levels from baseline by 48.6%. In the double-blind ODYSSEY ALTERNATIVE study, a LDL-C reduction of 45.0% from baseline to week 24 was observed in statin-intolerant patients treated with alirocumab 75 mg Q2W (with possible dose increase to 150 mg Q2W) [10] . In ODYSSEY OLE, similar results were observed up to week 96 in alirocumab-treated patients with HeFH (47.9% LDL-C reduction from baseline) [22] . The observed alirocumab efficacy was also consistent with that observed in a pooled analysis including 4629 patients with high cardiovascular risk from eight ODYSSEY Phase III studies, in particular those with the alirocumab 75-mg Q2W dosing regimen with a possible dose adjustment to 150 mg Q2W at week 12 (44.5% LDL-C reduction) [9] . These data are also similar to an alirocumab expanded use program reporting a 55.1% LDL-C reduction from baseline to week 24 in patients with HeFH and/or CHD in the USA who received alirocumab 150 mg Q2W [23] , an audit study that reported a 49% LDL-C reduction in 105 PCSK9 inhibitor-treated patients receiving maximally tolerated statin therapy in the UK [24] and a cohort of 238 patients who received either alirocumab or evolocumab in routine outpatient care in the Netherlands (55.0% LDL-C reduction from baseline) [18] .
Owing to the required treatment according to the summary of product characteristics as part of the study inclusion criteria for PEARL, nearly all patients should have received maximally tolerated statin treatment prior to the start of alirocumab therapy, including patients with total (45.3%) and partial statin intolerance (27.6%). During PEARL, 43.6% of patients continued taking alirocumab 75 mg Q2W without requiring a dose increase. Similarly, in the OLE study, among patients receiving the alirocumab starting dose of 75 mg Q2W, 56.7% were maintained on that dose for over 3 years based on a physician's clinical judgment and the patient's LDL-C levels from week 8 [22] .
Overall, 48.5% of patients reached LDL-C levels of ≤ 1.8 or ≤ 2.6 mmol/L (≤ 70 or ≤ 100 mg/dL; depending on cardiovascular risk) at week 24. Similar results were observed at week 24 in the ALTERNATIVE study (41.9%) and at week 96 in the OLE study (55.3%) [10, 22] . Several guidelines recommend treatment goals of LDL-C ≤ 1.8 or ≤ 2.6 mmol/L (≤ 70 or ≤ 100 mg/dL) in patients with high or very high cardiovascular risk, including those with peripheral arterial disease and/or DM [4, 6, 25] . These data might indicate a better treatment adherence than has been previously reported by an audit study (July 2016 to December 2016) from the UK showing 30% of patients with mean baseline LDL-C 5.3 mmol/L (203.0 mg/dL) achieving LDL-C < 2.5 mmol/L (< 96.7 mg/dL), despite a similar study discontinuation rate (15%) vs. PEARL (4.7 mmol/L [180.5 mg/dL] and 13.4%, respectively) [24] .
The PEARL study showed that alirocumab may be a suitable treatment option for patients with high cardiovascular risk and those with HeFH or DM. Consistent with a pooled analysis of five placebo-controlled studies, no difference in the LDL-C reduction was observed in alirocumab-treated patients with and without DM [26] . Furthermore, in insulintreated patients at high cardiovascular risk with type 1 and type 2 DM, alirocumab reduced LDL-C levels from baseline at week 24 by 47.8% and 49.0%, respectively [27] . Similar reductions were observed in patients with type 2 DM and mixed dyslipidemia [28] . Consistent with alirocumabtreated individuals with and without DM enrolled for clinical studies, no increase in HbA 1C levels was observed [27] [28] [29] . In our study, we observed similar LDL-C reductions from baseline to week 24 in patients with and without FH (49.1% and 51.4%, respectively). These data are again consistent with a previously reported 48.8% reduction from a pool of two ODYSSEY studies with the 75-mg Q2W dosing regimen (with a possible dose adjustment to 150 mg Q2W) [30] . A registry study from the Netherlands reported an LDL-C reduction of 55% in patients with HeFH who received either alirocumab or evolocumab in addition to maximally tolerated LLT [31] .
Alirocumab was generally well tolerated, with 10.3% of patients reporting AEs. Considering that in PEARL most of the patients were defined to be statin intolerant (either full or partial), this is a low rate of AEs compared with reported treatment-emergent AEs in the double-blind ALTERNATIVE study [10] . In a pooled analysis from 14 alirocumab clinical studies (n = 3340 alirocumab-treated patients), a similar rate of treatment-emergent AEs was reported compared with patients in the placebo (n = 1276) and ezetimibe (n = 618) groups, with a higher incidence of local injection-site reactions [32] . Similar to the ALTERNATIVE study, myalgia was the most common AE in PEARL [10] . Direct comparisons of reported AEs between ODYSSEY studies and the PEARL study should be performed with caution, as ODYS-SEY studies assessed treatment-emergent AEs according to the number of patients whereas PEARL reported AEs according to the number of total AEs [10, 15, 22] . In PEARL, 151 AEs were reported throughout, including 11 reported events of myalgia (7.3% of total number of AE events). Enrolled patients were able to report a specific AE more than once throughout the study, i.e., myalgia might have been reported by fewer than 11 patients. In total, three events (2.0%) of increased LDL were reported. Most likely, this reflects a change in the concomitant LLTs; however, no further information was available about the LLT status for patients reporting this AE.
To our knowledge, this is the largest study to date showing the efficacy and safety of a PCSK9 inhibitor in a realworld setting up to 24 weeks. A limitation of this study is the unknown status of LLT therapy for enrolled patients because of an unclear patient questionnaire that resulted in inconsistencies specifically and exclusively in the respective data. Other limitations could include the 24-week study duration for the long-term efficacy and safety assessment of alirocumab in a real-world setting as well as the confirmation of FH status that was based on an algorithm and criteria used in Germany [33] . Furthermore, the open-label treatment of alirocumab might have introduced a bias by study participants and physicians [34] .
Conclusions
The PEARL study suggests that, in a real-world setting, alirocumab is a beneficial LLT to further reduce LDL-C levels in patients at cardiovascular risk on maximally tolerated statin treatment with/without other non-alirocumab LLT.
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